UDC 911:551.44(450) Antonio Pagliara, Jo De Waele, Paolo Forti, Ermanno Galli & Antonio Rossi: Speleothems and speleogenesis of the hypogenic Santa Barbara Cave System (South-West Sardinia, Italy) This paper presents t�e results of a study on t�e speleogenesis and t�e speleot�ems and secondary mineralisations of t�e Santa Barbara Cave System in t�e Iglesiente Mining District (Sout�-West Sardinia, Cagliari). This cave system, �osted in Cambrian carbonate rocks, �as a very long geological �istory and its main voids �ave formed in �ypogenic conditions. Nine speleogenetic p�ases can be recognised ranging in age between Cambrian and Holocene. Optical microscope and diffractometric analysis of active flowstone deposits �ave s�own t�em being composed of alternating calcite and aragonite layers. The textural and c�emical c�aracteristics of t�ese layers, obtained by SEM and EDAx analysis, suggest t�em to be related to variations in t�e depositional environment inside t�e cave, w�ic� in turn are probably correlated to external climatic oscillations.
INTRODUCTION
Santa Barbara s�ow cave (SBC1) is a well known tourist attraction and is estimated to be one of t�e oldest caves in Italy (Forti & Perna 1982) . It is one of t�e most famous "mine caves" of Italy discovered in 1952 by excavations at level 195 m a.s.l. in t�e San Giovanni Mine (Iglesias, Sardinia) (Forti et al. 2005) . After t�e closure of t�e mines t�is area became part of t�e 'Parco Geominerario della Sardegna' (Geomining Park of Sardinia), included in t�e UNESCO World Heritage List in 2001 (Arisci et al. 2002) .
The earliest studies in SBC1 were focused on t�e general morp�ological, mineralogical and environmental c�aracteristics of t�e cave (Rossetti & Zucc�ini 1956 ). The speleological exploration was carried out only 30 years later (Fabbri & Forti 1986 ). The cave system is composed also of a lower branc�, Santa Barbara Cave 2 (SBC2), discovered in 1985 (Fabbri & Forti 1986 ). Alt�oug� t�ere is no p�ysical connection between SBC1 and SBC2, speleological explorations and detailed surveys �ave demonstrated t�at t�ey are part of t�e same system (SBCS), divided by a t�in diap�ragm of rock (Badino & Messina 2005; Forti et al. 2005) . SBC2, being developed 150 m below t�e s�ow cave, s�ows extremely different morp�ologies and deposits (Bini et al. 1988) , including a completely new corrosion form, t�e oxidation vent (De Waele & Forti 2006) .
A detailed inventory of dissolutional morp�ologies in bot� caves �as been carried out in order to reconstruct t�e major p�ases of cave formation. Mineralogical, textural and geoc�emical analyses were performed on several samples drilled in t�e quaternary carbonate speleot�ems of bot� SBC1 and SBC2 since 2005 (Pagliara 2009). These morp�ological and mineralogical studies allowed to acquire furt�er data on t�e speleogenetic evolution and on t�e depositional environment of t�is cave system.
GEOLOGICAL SETTING
The San Giovanni Mine is located in t�e Iglesiente Mining District (Sout�-West Sardinia, Fig. 1 ). This area is c�aracterised by Palaeozoic sediments deposited during two cycles: 1) Caledonian cycle from t�e Lower Cambrian to t�e Lower Ordovician, 2) Variscan cycle from Upper Ordovician to Upper Carboniferous, divided by t�e Sardinian unconformity (Bec�stadt & Boni 1996; Carmignani et al. 2001) .
Mt. San Giovanni is located on t�e sout�ern slope of t�e San Giorgio valley, and forms an elongated NE-SW trending ridge. It represents t�e sout�ern limb of t�e Iglesias syncline (Civita et al. 1983) , c�aracterised by t�e Cambrian carbonate succession of Iglesias, once referred to as t�e "Iglesiente Metalliferous Ring", and now known as t�e Gonnesa Group (Bec�stadt & Boni 1996; Pillola 1989) . The depositional sequence is composed, from bottom to top of: t�e Santa Barbara Formation consisting of "Dolomia Rigata", grey dolostones wit� clear sedimentary structures, t�e San Giovanni Formation, c�aracter-ised by "dolomia Grigia", a w�itis�-grey intensely karstified limestone and of "Calcare Ceroide", a darker massive limestone. Finally on top of t�e carbonate sequence t�ere are nodular limestones and p�yllites of t�e Cabitza Formation (Middle CambrianLower Ordovician), w�ic� represent t�e core of t�e Iglesias syncline. The actual structural settlement of t�e area was establis�ed by four deformative events: Sardinian P�ase, before t�e Ordovician transgression, wit� a tectonic style wit� E-W direction; t�e first Variscan p�ase t�at follows previous deformations, emp�asizing t�em; t�e Second Variscan p�ase wit� a straig�t stress wit� a N-S direction and t�e t�ird Variscan p�ase wit� a variable axial direction and weak stresses. The Alpine Orogenesis only produced very weak deformations (Carmignani et al. 2001) .
Mining activities exploited lead, zinc and silver polymetallic sulp�ide orebodies for more t�an 2,000 years in t�is area (Bec�stadt & Boni 1996) . Polymetal- SPELEOTHEMS AND SPELEOGENESIS OF THE HyPOGENIC SANTA BARBARA CAVE SySTEM (SOUTH-WEST SARDINIA, ITALy) THE SANTA BARBARA CAVE SySTEM (SBCS) AND ITS EVOLUTION The SBCS developed along t�e contact between t�e "Calcari Ceroidi" of San Giovanni and t�e "dolomia Rigata" of Santa Barbara. The system is subdivided into two large cavities: SBC1 (from 180 to 227 m a.s.l.) and SBC2 (from 52 to 145 m a.s.l.) (Badino & Messina 2005) . The two environments develop along t�e same vertical plane and t�ey are probably interconnected by means of discontinuities t�at cross t�e rock for a few tens of metres (Fig. 2) . A detailed analyses of t�e mineralogy and morp�ology of t�e �osted speleot�ems proved wit�out any doubt t�at t�e two caves were directly connected for a long period of time (Forti et al. 2005) .
Alt�oug� t�e caves do not �ave a natural entrance and are accessible only t�roug� mine tunnels, t�eir internal climate seems to be influenced by air exc�anges �appening at t�eir small artificial entrances and by meteoric inputs. In SBC1, located not too far from t�e surface, cave climate is greatly influenced by t�e outside meteorological conditions. Cave air temperature in SBC1 ranges between 15.0 and 15.9ºC wit� t�e coldest temperatures registered in August (C�iesi 2005) .
Based on t�e regional geological evolution (Bec�stadt & Boni 1996) and a large set of observations carried out in many caves of Mt. San Giovanni (Forti et al. 2005 ) nine speleogenetic cycles �ave been recognised (Fig. 3) . The first of t�ese p�ases, leading to t�e widening of pre-existing fractures, occurred during a s�ort emersion period of Cambrian age. A few small dissolution pockets observed close to t�e artificial entrance to SBC1 and filled wit� "dolomia Gialla" (yellow dolomite), a secondary dolostone, are t�e only remnants of t�is stage. The second karst p�ase dates back to t�e Upper Cambrian/Lower Ordovician, w�en a large part of t�e carbonatic formations was exposed at t�e land surface t�us inducing t�e development of some very evident karst p�enomena. It is possible t�at t�is p�ase of intense karstification was controlled by t�e oxidation of polymetallic sulp�ide ores wit�in t�e �ost rocks; t�e consequent presence of H 2 SO 4 in t�e seeping waters gave rise to �yperkarst p�enomena wit� t�e development of en�anced corrosional forms (Cigna 1978; De Waele et al. 2001) . Marine conditions were re-establis�ed for a very long period (Middle Ordovician-Middle Carboniferous) and Mt. San Giovanni returned to continental conditions only during t�e Variscan orogenesis towards t�e end of t�e Palaeozoic (Carmignani et al. 2001) . Probably during t�is p�ase t�e SBCS acquired its actual size. In fact, at t�e base of t�e speleot�ems t�ere are some alteration pockets filled wit� yellow dolomite, sulp�ides and sulp�ates (mainly barite) w�ic�, toget�er wit� collapse breccias, were responsible for t�e infilling of most of t�e karst voids in t�e area. This lic orebodies can be classified into pre-Variscan (stratabound or stratiform) and post-Variscan (skarns, vein and palaeokarst). The Mt. San Giovanni orebodies belong to t�e first type and are t�us of Late CambrianLower Ordovician age (Boni & Crescenzi 1988) .
It is mainly t�anks to t�ese extensive industrial activities t�at many underground karst p�enomena �ave been discovered. These 'mine caves' would ot�erwise not �ave been known, and t�eir study �as allowed reconstructing part of t�e speleogenetic �istory of t�is karst area. The most important of t�ese is wit�out a doubt t�e Santa Barbara Cave System (SBCS), subject of t�is paper. t�ird karst p�ase ended in t�e Middle-Upper Triassic because of a new marine transgression (Carmignani et al. 2001; Forti & Perna 1982) . In t�e Oligocene-Miocene t�e intense tectonic activity related to t�e orogenesis of t�e Pyrenees and nort�-Apennine c�ains, toget�er wit� (From Forti et al. 2005) .
t�e opening of t�e Balearic and Tyrr�enian basins probably caused t�e circulation of warmer meteoric seeping water inside t�e system; t�is oxygen-ric� water generated an intense alteration of sulp�ides and a partial remobilization of t�e ore bodies (Cortecci et al. 1989; De Vivo et al. 1987; Ludwig et al. 1989) . During t�is stage, t�e walls of t�e entire karst system started to be covered wit� t�ick p�reatic carbonate speleot�ems. Deposition in SBCS starts wit� centimetrewide dolomite crystals and red calcite crystals, t�e deposition of w�ic� occurred at temperatures over 40°C (Forti et al. 2005) . Locally, close to t�e water table, cave clouds formed. Galena wit� some sp�alerite and eu�e-dral cerussite crystals �as been observed wit�in a core in one of t�ese subacqueous speleot�ems (Forti et al. 2005) .
The second p�ase of p�reatic deposition occurred during Pliocene; in t�is period t�e temperatures of t�e seeping waters were lower t�an during t�e first p�ase. A t�in layer of barite was t�e first to deposit, followed by large pockets of partially amorp�ous oxides-�ydrox-ides toget�er wit� clay minerals (mainly illite) as t�in turbidity levels. The discovery of calcite mud cracks in a t�in eart�y layer testifies a s�ort period in w�ic� SBC1, but not SBC2, experienced vadose conditions. The p�reatic conditions were soon restored, probably at t�e beginning of t�e quaternary, and t�ey lasted until t�e second -more important -event of barite deposition occurred. The growt� of t�ese large eu�edral barite crystals occurred in t�e entire cave system and t�ese
METHODS
Speleot�ems in t�e SBCS �ave been sampled using a �and-�eld water-cooled HILTI electrical drilling mac�ine in 2003 and 2005. The core of t�e drill was 5 or 8 cm in diameter and allowed to extract sample cylinders of up to 30 cm in lengt�. For deeper drilling t�e operation was repeated using extensions, t�us retrieving speleot�em samples in separate but composable parts (Fig. 4) . Recovery of t�e drill cores was better t�an 95%.
Three samples were drilled in SBC1 (SB1, SB2 and SB5 in Fig. 5 ), and two samples were taken in SBC2 (SB3 and SB4 in Fig. 5 ). For a detailed description of all drill cores t�e reader is referred to Pagliara (2009) .
The samples �ave been embedded in resin epoxy plugs, t�en cut into four slices parallel to t�eir axis wit� a water-cooled disk saw. The two central slices were used for t�e preparation of 47 x 54 mm t�in sections, t�e two external slices were polis�ed and p�otograp�ed wit� a scanner.
A Leitz polarising microscope equipped wit� a Nikon Coolpix 995 was used for optical microscopy. Mineralogical analysis were carried out using a P�ilips PW 1050/25 powder diffractometer at 40kV and 20 mA (CuKα radiation, λ=1.5418 Å, Ni filter). crystals are still visible in SBC1, w�ere t�ey represent t�e principal aest�etic value of t�is cave. Similar crystals �ave also been observed in t�e upper parts of SBC2. Just after t�e end of t�e barite deposition t�e groundwater lowered, reac�ing t�e level of 130 m a.s.l. From t�is moment on SBC1 and t�e upper part of SBC2 started being filled wit� gravitational speleot�ems (stalagmites, stalactites, columns, flowstones, �elictites etc.). Most of t�ese speleot�ems are still active today. U/Th dating �as s�own t�at t�e cave clouds in t�e lower part of SBC2 stopped growing around 250,000 years ago (De Waele & Forti 2006) . At t�at time p�reatic deposition stopped due to t�e arrival of large quantities of clay and eart�y material t�at filled t�e bottom of SBC2 up to 55 m a.s.l. (Bini et al. 1988; De Waele & Forti 2006) . In t�ese peculiar p�reatic conditions t�e oxidation of t�e sulp�ides in t�e core of t�e cave clouds produced acid flows along cracks, w�ic� developed special corrosion morp�ologies named bubble trails and oxidations vents on t�e external surface of t�e cave clouds (De Waele & Forti 2006) . Finally t�e mining activities intersected SBC2 inducing t�e evacuation of most of t�e mud sediments, t�us making t�is portion of t�e system accessible.
There are many morp�ologies t�at clearly demonstrate t�e �ypogenic origin of most of t�e caves of Mt. San Giovanni. Also SBC1 and SBC2 are, in fact, composed of great c�ambers elongated along a fault, wit� bubble trails, cupola, megascallops, clearly s�owing t�e ascending flow of t�e dissolving waters (Klimc�ouk 2007 (Klimc�ouk , 2009 . 
RESULTS AND DISCUSSION DESCRIPTION OF SAMPLES
All five drill cores are s�own in Fig. 6 . SB1 was taken on t�e floor of SBC1 in t�e central part of t�e room. It is 36 cm long wit� a diameter of 8 cm. Despite its s�orter lengt�, t�is core represents t�e entire depositional sequence in t�e SBCS, as s�own by all drill cores, in a condensed manner. It is c�aracterised by large amounts of barite and oxides/�ydroxides. SB2 was drilled in t�e floor immediately to t�e west of t�e tourist pat� at t�e base of a great w�ite flowstone. It is 125 cm long and 8 cm in diameter and entirely composed of alternating calcite and aragonite layers.
SB5 was drilled a few meters nort� of SB2, closer to t�e entrance s�aft, at t�e base of a �ig� flowstone. It is 150 cm long and wit� a diameter of 5 cm, and, as for SB2, does not reac� t�e base of t�e quaternary calcite-aragonite deposition. Most of t�e c�emical and petrograp�ical analyses �ave been carried out on t�is sample. SB3, t�e first of t�e drill cores in SBC2, was taken at 3 m �eig�t in t�e artificial mine gallery w�ere it cuts t�e lowest part of t�e natural cave. The core was drilled perpendicularly into a cave cloud of around 1.5 m diameter and is 87 cm long for a diameter of 8 cm. It is composed of a t�ick layer of calcite, followed by a layer of barite crystals at 25 cm from t�e top, continuing downward wit� alternating layers of calcite and dolomite. This core reac�es t�e centre of t�e cave cloud, c�aracterised by t�e presence of galena, and goes on for anot�er 10 cm. A couple of U/Th datings (1 and 2 in Fig. 6 ) �ave been carried out at 9 mm and 216 mm from t�e top, giving ages of 246.9 (+21/-17) ka and 399.6 (+58/-38) ka respectively.
The ot�er drill core (SB4) in SBC2 was taken in anot�er cave cloud, but t�is time on t�e roof of t�e cave 10 m west of SB3. It is 125 cm long and 8 cm in diameter. On t�e contrary to SB3, no barite layer is encountered, t�e entire core being composed of calcite and dolomite. Also t�is sample encountered sulp�ides, t�is time composed of galena and sp�alerite, at t�e centre of t�e cave cloud. Inside a vug in t�e galena several eu�edral cerussite crystals were found.
Besides calcite, aragonite, dolomite, barite, galena, sp�alerite and cerussite ot�er 11 minerals �ave been identified in t�e SBCS drill cores, including many oxides and �ydroxides (Tab. 1) (Forti et al. 2005) .
MINERALOGICAL, PETROGRAPHICAL AND CHEMICAL ANALySES
Sample SB5 is composed of an alternation of aragonite and calcite layers, and of layers w�ere t�e aragonite crystals were transformed into calcite crystals. Aragonite is predominant and of larger t�ickness. At t�e electronic microscope t�e calcite crystals appear elongated, wit� lengt�-widt� ratio ≤ 6, organized in a columnar fabric. These crystals s�ow few structural deformations and grow in perfect optical continuity wit� t�e lower ones, despite t�e presence of clay
The quantitative c�emical analysis �as been carried out using a P�ilips xL40 Scanning Electron Microscope in combination wit� energy dispersive spectrometry (EDS-EDAx 9900).
An electron microprobe model ARL -SEMq working at 15kV and 20 nA wit� a beam of 6-10 μm diameter and equipped wit� an EDS �as been used for point analysis of trace elements in t�e mineral samples. Th ratios (comprised between 53 and 727) suggest t�e absence of residual Thorium. Ages were calculated using t�e �alf-lifes reported in C�eng et al. (2000) . (Fig. 7) . Thin bands are visible using UV lig�t because of t�e presence of �umic and fulvic acids in t�e crystalline lattice ( Fig. 8 ) (Pagliara et al. 2008) . Also t�e aragonite individuals are elongated (wit� a lengt�-widt� ratio greater t�an 6) wit� s�arp apical terminations, and originally organized in a fan texture, becoming needle-s�aped in t�e next growt� p�ase (Fairc�ild et al. 2000) (Fig. 9) .
The two p�ases of calcium carbonate, as said above, are often overlapped one upon t�e ot�er, in layers w�ic� s�ow a gradual c�ange from t�e first to t�e second p�ase. Detailed analysis �as s�own many different p�ases of t�e transformation of aragonite into calcite and never t�e opposite. Consequently, two main different morp�ologies, resulting form t�e different graduation of t�e diagenetic process, �ave been observed. The two extreme polymorp�ic cases are: a) t�e aragonite wit� needle-s�aped texture, b) t�e calcite crystals aggregated as mosaic, "equant calcite" (Railsback 2000) . If t�e transformation develops only in a partial way t�e resulting morp�ology s�ows acicular (needle-like) aragonite crystals wit� a fan texture overlapping on t�e calcite polygonal crystals. These last ones do not �ave an eu�edral s�ape but in fact s�ow rounded borders wit� several empty spaces between t�e individual crystals (Figs. 10 & 11) .
The morp�ology resulting from a more advanced p�ase of transformation is constituted by calcite crystals �aving definite borders, organized in a mosaic texture, inside w�ic� it is possible to see, only at strong magnification, t�e aragonite crystals defined "relics" (Frisia 1996) . These are concentrated in t�e central part of t�e calcite polygons, t�e empty spaces, created during t�e first p�ase of t�e transformation, are completely occupied by t�e calcite individuals. The "relic" crystals of aragonite are well visible in t�e pictures obtained by optical and electronic microscope respectively (Figs. 12 & 13) . W�en t�e transformation is very advanced but not complete, t�e transition from aragonite into calcite is visible also at naked eye (Fig. 14) .
In summarising t�e flowstone deposit of SB5, four different textures �ave been recognised: 1) columnar calcite; 2) needle-s�aped and/or fan-s�aped aragonite; 3) mosaic crystals of calcite crossed by aragonite crystals, as a result of t�e low grade A→C transformation and, finally 4) mosaic calcite including "relics" of aragonite, as a result of t�e �ig� grade A→C transformation.
The precipitation of t�e two polymorp�ics mig�t be linked to variations of t�e Mg content in t�e concretion- ary water (Frisia et al. 2002) . This �ypot�esis is strengt�-ened by t�e fact t�at t�e karst system develops at t�e contact between limestones and dolostones, and �ig� concentrations of magnesium are present in t�e calcite layers and in t�e cave water (Frau et al. 2005) .
However, results from c�emical analysis (Fig. 15 , at small concentrations, promotes t�e deposition of Mg-ric� calcite, w�ile at �ig�er concentrations (molar ratio Mg/Ca equal to 2.5) promotes t�e deposition of aragonite; in t�is case, since Mg 2+ cannot enter t�e crystal lattice of aragonite, it remains in solution in t�e cave water. The presence of t�e above ions is due to a was�ing away and t�e remobilization of t�e local sulp�ide ore deposits during t�e Oligo-Miocene by t�ermal waters (De Waele & Forti 2006; Forti et al. 2005) . Sulp�ates, suc� as barite, and anot�er mix of ions were also redeposited inside t�e speleot�ems because of t�e circulation of oxygen-ric� percolating meteoric waters generating oxidation processes of t�e above sulp�ides, causing t�eir furt�er mobilisation. , favouring t�e deposition of aragonite. Finally t�e oxidation processes often mark t�e beginning of aragonite precipitation wit� t�e deposition of t�in layers of oxides and �ydrated �ydro-oxides of t�e metals t�at promote its formation (Forti et al. 2005) .
In general aragonite layers are far more abundant t�an calcite layers in t�e SBC1 speleot�ems, mainly as t�e result of t�e polymorp�ic transformation. In t�e last 15 cm from t�e top of t�e speleot�em calcite crystals are present bot� wit� t�e typical texture of a primary precipitation wit� columnar and mosaic fabric and wit� t�e texture resulting by t�e transformation process. In particular t�e repetition seems to reflect t�ree different depositional events: Fig. 14 (see Fig. 6 for location and Fig. 15 1) deposition of a layer of oxides and �ydro-oxides of �ydrated metals, clay minerals and amorp�ous minerals;
2) nucleation of t�e aragonite crystals, initially fan disposed, w�ic� include t�e oxides and �ydro-oxides in t�eir crystallograp�ic vacuums, and t�e ions, w�ic� promote t�eir deposit, into t�e crystal network in a polymorp�ic substitution of Ca 3) deposition of t�e newly formed calcite crystal, almost free of turbidity, t�at, w�en present, is concentrated in t�in serrate bands w�ic� �ig�lig�t t�e faces of t�e growt� of crystals t�at grew in optical continuity.
In some cases t�e transition from p�ase 2 and 3 is neat and is represented by an extremely t�in aragonite layer, w�ere t�e mineral individuals are always "needles�aped" and are wit�out impurities. W�en t�e transition is gradual t�e deposit is represented by an intermediate event between t�e transformation of aragonite into calcite.
In t�e first case it could be imagined t�at t�e contribution of in�ibitor ions of calcite finis�ed suddenly due to a net c�ange of t�e �ydroc�emistry of t�e percolation water. The c�anging p�ase would be abrupt and marked by an extremely t�in aragonite layer, wit�out impurities, deposited by kinetic energy of t�e growt� of previous aragonite individual crystals. In t�e second case t�e concentration of t�ese ion mixtures would �ave gradually decreased and t�e c�anging p�ase would be represented by a layer of polymorp�ic transformation of aragonite into calcite.
The aragonite-calcite banding is often related to c�anges in t�e depositional environment, including temperature, drip rate, water c�emistry (Baker et al. 2008; Frisia et al. 2002) . These, in turn, mig�t be caused by climatic oscillations. The aragonite-calcite couplets in SBC1 may testify climate (or seasonal) c�anges occurred in t�e Iglesiente area during t�e quaternary. Periods of minimum rain and a warmer climate would �ave promoted t�e deposition of aragonite, w�ilst intermediate periods wit� abundant rain and lower temperatures would �ave allowed t�e deposition of calcite. Finally we need to underline t�at t�e deposit of aragonite was promoted also by t�e specific environmental conditions of t�e cave, w�ic� �ave �ad an effect on t�e very low speed of deposition.
The average temperature of t�e cave during t�e deposition of t�e calcite layers must �ave been lower t�an t�e current cave temperature, w�ic� is around 16°C (C�iesi 2005) . In fact, mainly aragonite is depositing in t�e cave today.
CONCLUSIONS
The SBCS �as undergone at least nine speleogenetical p�ases t�at can be deduced from t�e geological �istory of t�e area, from detailed morp�ological studies and from an analysis of speleot�ems. The caves �ave formed by a combination of rising t�ermal waters, percolating meteoric waters and aggressive fluids derived from t�e oxidation of t�e polymetallic sulp�ides. The size of t�e present-day voids �as probably been reac�ed at t�e end of t�e Palaeozoic. Most of t�e speleot�ems, instead, appear to be of muc� younger age, mostly restricted to quaternary.
The results obtained by mineralogical, c�emical and textural analysis applied on t�e quaternary speleot�ems of SBCS allowed to obtain a general view of t�e present �ydroc�emical fluctuations in t�e karst system; t�e �ydroc�emistry of t�e rain waters of t�e area, w�ic� govern t�e modification of t�e carbonate depositions, probably reflect t�e variations of rainfall and temperature in t�e area above t�e cave during t�e speleot�em deposition period. In particular it is possible to assume t�at, for t�e speleot�ems of t�e SBCS, t�e mineralogical p�ase aragonite was deposited during periods w�en t�e climate in t�e Iglesias area was warmer and less �umid; on t�e contrary, t�e deposition of calcite occurred in periods t�at were s�orter in time, cooler and wit� more rainfall (Fig. 16) .
